The incidence of cervical spondylosis in the elderly is increasing with the higher proportion of elderly individuals among the Japanese population. The present study retrospectively analyzed the clinical and radiological features of this clinical entity in 107 patients with cervical spondylosis aged 70 years or older surgically treated between 1995 and 2005. The patients were divided into Group 1 (n ＝ 60) aged between 70 and 74 years, and Group 2 (n ＝ 47) 75 years or older. Patients with localized compression within 2 levels responsible for the neurological symptoms underwent anterior fusion, and patients with a narrow spinal canal were treated by laminoplasty. The pre-and postoperative neurological status (Neurosurgical Cervical Spine Scale) and postoperative complications were compared. More patients in Group 2 required laminoplasty but most patients underwent single-level anterior fusion. There was no statistically significant difference in the surgical results. Group 2 had a much higher ratio of anterior fusion at the C3-4 level. Many of the aged patients had multiple risk factors. Surgical decompression for cervical spondylosis is beneficial even in elderly patients. Single-level anterior fusion to treat the lesion most responsible for the symptoms is the least invasive choice. Elderly patients tend to present with multiple risk factors so require careful perioperative management.
Introduction
Cervical spondylosis in the elderly is becoming more common with the aging of the general population. The World Health Organization defines aged individuals as those 65 years or older; the early elderly between 65 and 74 years, and the late elderly 75 years or older. The average life expectancy for women and men was 85.4 and 78.6 years, respectively, in the Japanese population in 2004. Currently, people 65 years or older form more than 20% of the Japanese population, and will account for 25% in the next 10 years, when individuals 75 years or older will become 15% of the total population. All studies on cervical spondylosis in the aged have originated in Japan [7] [8] [9] 12, [14] [15] [16] [17] [18] [22] [23] [24] [25] 29) and aged individuals were defined as 65 years or older. 9, 15, 18, 22, 25) However, as life expectancy has increased, we suggest that persons 75 years or older should be classified as aged.
Elderly patients with cervical spondylosis often present with multilevel lesions, so tend to be treated by laminoplasty rather than anterior fusion if conservative therapy is ineffective or the symptoms worsen rapidly. Even if anterior fusion is chosen, only the most responsible lesion should be addressed to minimize the level of invasiveness. Furthermore, the elderly often have multiple risk factors including poor general condition and the presence of cerebral and lumbar lesions. Therefore, careful examination of the surgical indications and attentive perioperative management are necessary.
The present study investigated the surgical treatment of cervical spondylosis in patients aged 70 years or older and 75 years or older to evaluate the optimum method and likely complications. Patients with symptoms that did not respond to conservative treatment in more than 6 weeks were considered eligible for surgery. Patients with lesion(s) responsible for their neurological symptoms confined to 2 levels underwent anterior fusion, and patients with a narrow spinal canal were treated by laminoplasty. We preferred to treat patients with spondylotic changes at more than 3 levels by single anterior fusion, although only one level of subluxation is responsible for the myelopathy or myeloradiculopathy. Intraoperative monitoring used somatosensory evoked potentials to monitor the integrity of the dorsal column, and motor evoked potentials to assess the integrity of the corticospinal tracts.
Anterior fusion was performed in the supine position with mild neck extension through a right-sided approach via a transverse or longitudinal incision. The operative levels were confirmed fluoroscopically. Anterior cervical microdiscectomy and/or osteophytectomy were performed in all patients under the operating microscope. After sufficient decompression of the root and spinal cord, anterior fusion was carried out. An iliac crest bone graft was used in 21 patients treated before 1997, and a titanium cage was implanted for anterior fusion in 28 patients treated after 1997. The titanium cages were hollow, threaded, and cylindrical (BAK/C; Sulzer SpineTech, Minneapolis, Minn., U.S.A., and CCM cage; Advanced Spine Technology, Inc., Oakland, Calif., U.S.A.) with 12 mm length and 6-7 and 8 mm diameter. Two cages with an appropriate diameter were inserted in each intervertebral space. A bone tip from an osteophyte or b-tricalcium phosphate (Osferion; Olympus Biomaterial, Tokyo) was packed in the titanium cage with fibrin glue (Bolheal; Chemo-Sero Therapeutic Research Institute, Kumamoto). After surgery, all patients were instructed to use a soft cervical collar during the first 3 or 4 weeks.
Laminoplasty was performed in the prone position on the operating table, and the spinous processes and laminae of the involved levels were exposed Cervical Spondylosis in the Elderly through a midline skin incision. Spinous processes were resected and longitudinal grooves were chiseled with a diamond burr in the center of the lamina and at the bilateral intersections of the lamina and facet. The laminae were split in the center and the bone flaps were lifted to decompress the spinal cord. Foraminotomy was performed on the involved nerve root(s) if the intervertebral foramen was narrow. The bone flaps were stabilized to the paravertebral muscles with silk sutures. Small bone chips were inserted into the gap between the lamina and facet. All patients were instructed to use a soft cervical collar during the first 3 weeks. Student's t test was used for statistical analysis of the differences in the mean ± standard deviation values of pre-and postoperative NCSS scores between Groups 1 and 2. The chi-squared test was used for analysis of the risk factors and complications in Groups 1 and 2.
Results
In Group 1, 32 patients underwent anterior fusion and 28 were treated with laminoplasty. In Group 2, 17 patients underwent anterior fusion and 30 received laminoplasty (Fig. 1) . In Group 1, anterior fusion was performed at one level in 15 patients, 2 levels in 15, and 3 levels in 2. In Group 2, anterior fusion was performed at one level in 13 patients and 2 levels in 4 (Fig. 2) . Only the most responsible lesion was decompressed in Group 2. The spinal levels treated are shown in Fig. 3 . Only the C3-4 level showed a significantly different rate of treatment between Groups 1 and 2 (11% vs. 38%, p ＝ 0.01).
The mean pre-and postoperative NCSS scores were 8.6 ± 1.2 and 10.9 ± 1.3, respectively, in Group 1, and 8.2 ± 1.9 and 10.6 ± 1.7, respectively, in Group 2. The mean pre-and postoperative NCSS scores of all 49 patients who underwent anterior fusion were 8.7 ± 1.2 and 10.9 ± 1.4, respectively, and those of all 58 patients who underwent laminoplasty were 8.2 ± 1.8 and 10.7 ± 1.6, respectively. No statistical differences were found between the anterior fusion and the laminoplasty groups.
Early complications among the 107 elderly patients included postoperative delirium in 3 patients, C5 paresis in 2, and fall, heart failure, postoperative hematoma, and root tethering in one each (Table 2) . No statistical differences were found between Groups 1 and 2. Two patients required secondary surgery. The perioperative risk factors in our elderly patients are shown in Table 3 . There was no statistical difference between Groups 1 and 2. Thirty-nine of the 107 patients (36%) presented with multiple risk factors (Table 4) indicating that elderly patients with cervical spondylosis require careful management.
Discussion
Surgery has achieved better surgical results in younger patients with cervical spondylosis because older individuals tend to have more advanced disease, multisegment lesions affected, and longer duration of disease. 9,29) However, surgery for cervical myelopathy, irrespective of the approach, can be effective even in elderly patients. 12, 14, 22) Surgery for cervical spondylotic myelopathy may be warranted even in patients older than 80 years 17) and no significant difference was found in symptom duration, canal diameter, preoperative Japanese Orthopaedic Association (JOA) score, and recovery rate between younger and aged patients. 7) On the other hand, there was no significant difference in the JOA score at final follow up between older and younger patients, or between patients treated by anterior fusion, laminectomy, and laminoplasty, but the postoperative complication rate was almost two times higher in aged patients (15% vs. 8%). 8) Elderly patients in our series presented with a past history of cerebral infarction, dementia, arrhythmia, ossification of posterior longitudinal ligament, ossification of yellow ligament, and degenerative lumbar canal stenosis. In addition, one third of our aged patients had multiple risk factors, indicating the need for careful management. Our study found no statistical difference in the incidence of complications and risk factors between patients AE70 and AE75 years, suggesting that age is not so important for surgical treatment of cervical spondylosis. However, careful peri-and postoperative management will be necessary. Two thirds of the AE75-yearold patients underwent laminoplasty, and three quarters of those treated by anterior fusion received single-level fusion to treat the most responsible lesion to limit the level of invasiveness.
A high incidence of C3-4 spondylotic changes has been reported in elderly patients. 9, 15, 24, 25) In one study, 92% of the oldest patients presented with localized dysfunction at C3-4 and C4-5, whereas 68% of patients younger than 60 years had lesions at C5-6 or C6-7. 25) Reduced mobility in the lower cervical segments increases mechanical stress in the upper cervical segments that retain mobility in elderly patients. 15) The anterior surgical approach using graft of autologous iliac crest bone has numerous problems such as persistent donor site pain, graft bone collapse, pseudoarthrosis, and kyphotic defor-Cervical Spondylosis in the Elderly mity. 1, 2, 4, 5) Furthermore, the iliac bone graft is often weakened in elderly patients due to adipose degeneration of vertebral cancellous bone. We employed the Smith-Robinson anterior fusion method 21) using an iliac bone graft to treat patients with cervical disk disease until 1997. The implantation of titanium cages was introduced in the late 1990s 13) and is now widely used in Japan. The procedure creates adequate decompression with restoration of disk height and subsequent fusion. 27) The greatest advantage of titanium cage implantation is quick stabilization after anterior fusion. The fusion ratio is between 74% and 100%, and exceeds 95% in most series. 3, 6, 10, 13, 19, 20, [26] [27] [28] Surgical decompression for cervical spondylosis is beneficial even in elderly patients. Single-level anterior fusion to treat the lesion most responsible for the symptoms is the least invasive choice in the oldest patients.
K. Hida et al. 
